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Abstract 
The Continuously Rotating Detonation Engine (CRDE) is a new concept of aerospace propulsion. The detonation wave 
propagates circumferentially around the annular combustor with only one ignition. Compared with conventional engines with 
deflagration or other detonation engines, CRDEs are simpler, more powerful and more stable. The experiments of this study are 
carried out with hydrogen/oxygen. Influences of reflected shock wave reduced by the groove on the wall of combustor and by 
obstacles downstream are discussed. Experimental results show that small groove or indentations on the combustor wall does not 
affect detonation waves a lot. But downstream obstacles may result in strong reflected shock wave and kills the detonation waves. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Chinese Society of Aeronautics and Astronautics (CSAA).  
Keywords: rotating detonation engine; experiment on detonation; evolution of detonation wave; shock wave 
1. Background 
Engines for aero craft and space craft have been developing for over a century. Since the first piston engines, till 
the latest turbojet or turbofan engines, most the daily needs for flying is fulfilled. But all the conventional engines 
are based on deflagration, which makes it impossible to have breakthrough in combustion efficient. 
Detonation, as a more efficiency method than deflagration, has been consider to be used in providing propulsion 
during the last decades. Three types of detonation engines have been studied all over the world. They are the Pulse 
Detonation Engine (PDE), the Oblique Detonation Engine (ODE), and the Continuously Rotating Detonation Engine 
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(CRDE). The unsteadiness of the PDE makes it difficult to develop and promote to actual usage, and very strict 
conditions are requested by the ODE to work properly, while the CRDE, first proposed and experimentally acquired 
by Voitsekhoviskii [1], is free from all these limits, and is consider to be a promising propulsion in the future. 
In recent years, CRDEs are extensively studied both numerically and experimentally. Early works by Bykovskii 
et al [2] are focus on the structure and propagating character of continuously rotating detonation waves (CRDWs). 
Kindracki et al [3] started the attempt to use CRDWs to generate thrust, and made it clear that the fresh mixed gas in 
front is key factor to the self-sustaining of the CRDW. Wang et al [4] observed long lasting CRDWs in experiments. 
Naples et al [5], Miller et al. [6], Gawahara et al [7], and some other researchers are making effort to visualize the 
CRDWs. More studies are carried out with numerical simulation. Shao et al [8-10] calculated three dimensional flow 
field inside a CRDE chamber, and discussed key problems with injecting, igniting, and exhausting. Yamada et al [11] 
published the pressure threshold in a hydrogen-oxygen CRDE. Zhou et al [12] pointed out that in a two dimensional 
CRDE model without a nozzle, 23.6% of mixed gas is burned by deflagration, total thermal efficiency is 39.7%, and 
with the help of a nozzle, can be increased and approaches 52.9%, which is the theoretical value according to a ZND 
model. 
As long lasting CRDWs can be generated in experiments, this study focuses on some detail structure of the 
CRDE model. In this paper, two kinds of reflected shock waves induced by some irregular factors forced into the 
experimental model are discussed. One is the indention or groove on the outer wall of the annular combustor, like 
the pre-detonator and the recess mounted sensor. The other is obstacles downstream. 
2. Experimental Setup 
Detonation is shock coupled with combustion right behind the shock. Fresh reactants are compressed by the 
leading shock and reach high temperature and pressure, in a very thin layer behind the shock, reaction starts and 
finishes, great heat is given out in small space, even before the compressed reactants and products expanse. So, 
detonation is usually regarded as a constant volume combustion process, and it is why the thermal efficiency is 
significantly higher than the constant pressure combustion, like deflagration.  
The basic model of a CRDE combustor is an annular chamber, as shown in Fig.1. Fresh reactants are injected into 
the chamber from the head, while products exhaust out through the downstream exit. The CRDW propagates 
circumferentially against the head wall. The CRDW burns all fresh detonable mixture it sweeps over. But the 
continuously injecting of reactants keeps a fresh mixture wedge in front of the CRDW, and sustains the CRDW 
propagating. The high pressure behind the CRDW forms an oblique shock downstream, and the products of the fore 
and after cycle are separated by a contact surface. All the above, along with the expansion waves and some other 
waves, form the entire wave structure inside a CRDE combustor. 
 
Fig. 1 Model of a CRDE 
1-detonation wave   2-products   3-fresh detonable mixture   4-contact surface 
5-oblique shock    6-propagating direction of the detonation wave 
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The combustor model tested in this study is based on all these theory, and design to use hydrogen as fuel and 
oxygen as oxidizer. Fit with other peripheral equipment, like the gas supply system, exhausting system, control 
system and data acquisition system, the entire experimental facility is shown as Fig.2. 
 
Fig. 2. The experimental facility 
A straight tube connected to the combustor cylinder tangentially is used as a pre-detonator. The pre-detonator is 
filled with hydrogen and oxygen mixture before every test. A spark plug starts the reaction at the end. Deflagration 
to detonation transition completes inside the pre-detonator with the help of spiral obstacles. During every run, the 
pre-detonator only works once at the start. 
A vacuum tank is connected to the exit of the combustion chamber. The tank guarantees safety as well as 
provides different background conditions, which is set to be 0.04 MPa in this study. Electromagnet-valves are used 
to set the gas feeding on and off. All the electromagnet-valves and the spark plug are controlled with a single-chip. 
The measuring of experiments are done with a piezo-electric dynamic pressure sensor. The sensor is fixed on the 
outer wall of the annular chamber, 15 mm from the head wall.  
3. Results and Discussion 
3.1. Effect of groove inside the annular chamber 
Because of design or manufacturing accuracy, on the walls of the combustor there are sags and crests. 
Indentations or grooves are much more significant in these experiments, like the joints of the pre-detonator and the 
sensors. Especially the pressure sensor used in this research, is recess mounted in the outer wall with the sensing 
surface 8 mm off the wall surface, which is like at the bottom of an 8 mm deep hole. 
Typical result of pressure history during tests is shown as Fig.3. In this test, ignition took place at time 0, and gas 
feeding was shut down at 1.5 s. High temperature in the combustor caused baseline shifting of the sensor. A close up 
around 210 ms shows well periodically property. As it shows, every peak value is followed by a serial of smaller 
peaks. They are the results of the shock reflection on the walls of the groove. Because they are significantly weaker, 
that there are no notable effects on the CRDW. 
Numerical study about the interaction of shock wave with a rectangular groove was done by Sha et al [13], and 
results show that shock is rarely influenced by a small groove, but a serial of shock reflection and vortex would form 
in the groove. Which proves that the CRDW may not be affected when it sweeps over these indentations or grooves. 
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Fig.3. A typical pressure history, (a) full test, (b) close up around 209 ms 
3.2. Effect of shock reflection from downstream 
In experiments, sometimes obstacles are needed to be fix downstream the combustor. Like before ignition, in 
order to slow down the flow and improve the mixing, a plastic film is fix in the entrance of the vacuum tank, so that 
ignition can be more powerful and reliable. As in a CRDE combustor, flow velocity is nearly normal to the shock 
propagating direction, when the downstream obstacles caused shock reflection, the reflected shock can propagate 
upstream and have great influence on the CRDW.  
Experimental results proves such effect. As shown in Fig.4. In this test, the ignition detonation wave first reaches 
the sensor at 10 ms. Then it takes about 2 cycles to evolve to a stable CRDW. In the stable stage, it takes 89 μs for 
the CRDW to propagate one circle in the combustor, and that means its velocity is 2787 m/s in the annulus with 79 
mm diameter.  
      
Fig.4. Typical Pressure history with a reflected shock wave from downstream, (a) full test, (b) close up around 12 ms 
Since before ignition the downstream tube is also filled with detonable mixture, ignition also results in a 
detonation wave propagates downstream along the mixture. When the downstream shock hits the plastic film, it 
breaks the film while a reflected shock forms and heads upstream. The reflected shock wave traveled along the 2-
meter-tube and back to the sensing point at 11.89 ms, as shown in Fig.5.  
a 
a b 
b 
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Fig.5. 2nd peak at 11.89ms 
The reflected shock is even stronger than the CRDW that it breaks the whole flow field close to the head wall, 
including the wave structure, temperature and pressure distribution. Continuously injection of fresh reactants is also 
interrupted. So the CRDW lacks of sustaining conditions and eventually dies out. 
4. Conclusions 
(1) The indentations and grooves in the walls of the combustor have no significant influence on the continuously 
rotating detonation waves, suggesting that unsmooth surface of the combustor does not make significant differences. 
(2) Obstacles in the downstream of the combustor may cause strong reflected shock and leads to the continuously 
rotating detonation waves dying out. 
(3) Continuity of fresh reactants injecting on the head wall is necessary for a continuously rotating detonation 
wave sustaining.  
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